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FUNCTIONS OF EXTERNALC

The sense of memory commonly evoked and the
sense that has dominated research in psvchology for
AVEr 2 CONTUTY IS FEITOSPective memary. of memory for
past evenis. The use of retrospective memory is usu-
afly prefaced by the remark, “"Remember when.”
Hewever, memory iz also ofren used to remember wo
do things in the furure. This can range from remem-
bering o turn off the iren. remembering to pick-up
grandma at the airport. to remembering to take medi-
cation. This kind of memory hay been termed pro-
spective memory by Baddeley and Wilkins (1984) and
Meacham and Letman (1982). The usc of prospective
memory is tsually prefaced by the remarx, "Don't
forget to....”

Formgriny

Following LFinstein and McDaniel {1990}, we di-
vide prospective memory intc two componenss. One:
component is the rragger that initiates the prospacrive
action; the other is the conrmr of the action thar iz
:nggered. For example. if the task is to pass along 2
phine message to a2 colleague, sreing the colleaguc is
che trigger; the content is the relaved nessage. Both
zre requised for prospostive memory to be saccessful,
Forgeiting ta stop at the grocery store on the way
home but remembering what was to be purchased is
unsatisfaczory. Likewise, rememberning that vou have
a message for a colleague but rot remembering the
message content is unsatisfacrory.

In prospective memory. externzl cues 2re pervasive
{ivr a review see Harris, 1984). They zre 2ven com-
mercially available. including a pill zlarm. 2 whistling
teapot, or a headlight alert, to name a fow see Pero,
Herrmann, Burrows, & Moore, 19911 Exrernal cues
support successful performance of prospective actions
in one of two ways.

An external cue can support primanily the trigges
component of prospective memory (2 Post-Ie ™ nore
bv the door as z reminder to return an overdus book
to the library, setung the alarm ox your warch or
computer, a string atound rhe finger). A trigger cuz

proclaims thzr now is the tme to take an actian. bur

it does not indicate what that action is. For example,
Meacham and Leiman {1982; Mcacham & Singer,
1977) had subjects return postecards at various dates in
the future. Half the subjects were given colored rags to
put an their kev chain< as a reminder. Subiects with
tags {externzi cues) did better than those without tags.
The rags signaled that something was to be done, bur
did not indicate whar that something was.

A second way thar exterzal cues can support pro-
spective memory is by combining the trigger and
content components iplacing renning shoes by the
door 1o remember o tzke them 1o work. taping 2 note
on the cemputer screen with a reminder o pivk wp
bread on the way home). A combined cue prociaims
that it is rime 1o take the action a3 well a< whar the
action should be. Meacham and Columbo {1980
instructed children o remind the experimenter two
open & suvprise foxwhen the experiment was finished.
The box was placed out of sighr and half the childeen
were given 3 clown o use as z reminder, and in-
structed how o use it. The clown served as 2 wrigger
because it was visible at the conclusion of the reter-
ton interval {the end of the expenmendd. The clown
alsor served to remind the children of the correnr (ro
view the surprise box}. The external cue was eftecrive:
more of the children whe got the clown 25 2 reminder
arked to see the surprise box,

The Meacham and Columbo (1980; experiment
illustrates the problem that mertivares the current
rescarch. Because the cdlown was present throughout
the rerention inferval, subjecrs conld remember 1o sk
tor the surprise box for eithar of twa reasons: 1) The
cown could suppart rehearsal of the conzent during
the retention interval (Lo, rehezrsal of usking 10 see

he surprise box faterh 22 the clawn could support
retrieval of the content (i.e.. retrieval of asking for the
surptise box) at the end of the retention interval,
Thew owo funcdons are narurallv confeunded 3 e
external cue is presznt thraugnour a retention inter-

1 1

vall We want to know to whar extent sucrcesitul
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Cuing Prospective Memory

performance is due to the subject rehearsing the
content during the retention interval, versus sesing
the cue and retrieving the content when they ¢

e
i,

execure 11,
The primarv goal of the present research is to
examine how exrernal cues suppore memory for the

conzenrof z ta-be-performed action. We disentang!ed
Laoa

the rehearsal from rhe rerrieval function of 2 com-
bined cue by manipulating its temporz! availahilicy.
How
was aot an equally effective trigger in all conditions.
Therefare, we had ro zdd
indicared nothing sbout coneent. One cue

content only. the ether supporred the trigger only.

cver. due o this manipulation. the combined cue
z secand rrigger cue tha:

ot b
ey

supported

Beiore describing in detail the external cues rthar
were used. we describe the wetting for the experiment.
We fel

valid approach characreristic of much of prospecrive

-
L

it was important to maintain the cculogicallv-
merory rescarch {e.g.. Meacham & Leiman, 1982;
Meacham & Singer, 1977; Wesr, 198&; Wiltkins &
1978}, although we required a degree of
control characteristic of a laboratory-based task fe.g..
Einsreirn & McDariel, 199 McDaniel & Einstein.
1993). The following task was chosen.

The Federal Aviation Administration’s Air Traffic

Br.{..\..tu V

Scenario Test {Avrospace Sciences Inc., 1991} i5a PC-
based simulation thar provides a fairly comples znd
realistic human factors setting, which we modified as
necded, With one exception (Drew, 1940). work on
prospective memory has not been conducted in a
human factors setting. Tt isa timely period to examine
prospective memory in air fraffic control. Impending
auromation witl scon change the way in which con-
troflers interact with their external memory cues.
Over the next few vears, the humazn-compurer inter-
face in the en route’ zir taffic conirol environment
will undergo substantial medifications. Creating an
opportunity o determine the optimal way in which

prospective cuing should be sccomplished.

Air traffic control
Alr traffic control is z very rich damain in which to
investigare praspective memory. Controlisrs make

G

extensive use of prospeciive memaory: they frequenthy

“Fnoseute controliers ars rzepensible for aiicat travding broween

.

[

-
“

have to put something off temporarily, either because
the situation does nor allow it or their workload is too
great. When a conrtroller cannor execurs a control
action immediately and has to remember to take that
action in the near future, he or she will often make use
of an external memory aid. This might happen if a
pilot has requested the use of 2 higher alritude that
cannot be granted unil the zireraft is clear of crossing
traffic.

The major ramification of the impending automa-
Her’s work environment concerns
the displav of flight datz not presented on the radar
display. Presently, controllers receive these flight data
onorec :nwu!ar paper strips, called flight progress

tion on the con:y

strips. These are the coneroliers” external memory
onurolled aircraft on

the radar display, eack with 31 fields of information,

e

cues. fncre is ane strip for each

including the call sign, planned altitude. and destina-
tion. The controller has various legal responsibilities
that require extensive interaction with and marking of
the <trips. Hopkin (1988} and Jackson {1989), amang
others, have speculated that, although this marking of
the strips is at least pardally done for legal reasons, ic
likely serves to suppors many cognitive functions that
aid conrrollers in maincaining their “picture” of the
airspace {for 2 review see Cox, 1992; Vorrac & Gerrys,
1990,

Prospective memory is one of these cognitive func-
uons. In the current system, controllers mark directly
on the paper flight progress strips, and will often offset
sne strip from the others s a prospecrive cue. The
offset strip serves as the trigger; the informarion on the
strip contains the required content regarding what
actien should be taken. For example. a pilot may
lewrer altitude, but the controller cannot do
so until the plane clears crossing raffic. The control-

request a

ter may offset that plane’s strip as 2 future reminder to
take this action, and write the tequested altitude on
the strip o help remember the content of the future
acrion.

Under the planned automation, these paper strips
will be replaced by electronic strips on a computer
system, controllers will interact

evboard and

sareen. In the new

3

with Jecironic strips indirecily via

'121 Tac,
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trackball. In addition, many updating funcrions will
be taken over by the computer. Although the high-
lighting of an eleceronic strip as a prospective re-
minder will be possible, it may be less effective than
the conroller reaching up and offsetting the strip as is
done in the currenr system; highlighting would be
initiated through the kevboard. like so many other
routine actions. In the retrospective memory litera-
wre, it is well-known that memory is better for some-
thing you do as epposed to something done for you
{e.g., Slamecka & Graf, 1978); the same may be true
in prospective memary. There are reasons for concern
tegarding automation, as well as opportunities to
make recommendarions to improve the design of the
new system.

Vortac, Edwards. Fuller, and Manning (1993) com-
pared prospective memory performance in two groups
of cantrollers.* The Normalgroup controlled traffic as
they normally would. The Autemation-Analsg group
was forbidden from writing or manipufating the paper
strips; this group could only look at the strips. The
idea was thart restricting interaction to looking only
would simulate the lost functionality resulting from
automation. At three different times during a scenario
a prospective request was made. A pilot requested zn
atitude change or rerouting a couple minutes prior to
entering the controller’s airspace. Because controllers
cannot unilaterally assume control of an aircraft out-
side of their assigned airspace, this created 2 natural
prospective memory request. The Automation-Ana-
log controllers granted more of the prospective re-
guests, and did so sconer, than the Normal controllers.
itis important to capitalize on this potential benefit of
“automation” to prospective memory by consicsring
how the new syszem should present external cues o
the controller.

Experimental design

The four ways that the availability of content will
be manipulated are: Both, Retrieval-only, Rehearsal-
only, and Neither.

Rehearsal and Rewrieval (Bothj, If (e external cue
is visible throughout the retention interval, borh re-
hearsa! and retrieval are supported. If the goal is wo

*In cantrast co the proseat experiments, ATC instructors were used by Vortaz, erall 18993 and chesimulanon Sl

fidelizv simutaror at the FAAT Mike M4

*onroney Aeronauical Center

Lz

Cuing Prospective Memory

rerurn a library book by the end of the day, the Both
condition is akin to placing the book by the office
door where it is visible throughout the day (the reten-
tion interval} and when you leave (the opportunity o
execute the command). In the air wraffic control situ-
ation, the controller would encode a prospecrive com-
mand that would remain vis'ble rhroughout the
retention interval. This electronic strip would sup-
port sehearsal and retvieval because the controller
would be free 10 review/rehearse the informarion at
any time, and the information would be available at
the end of the retention interval.

Retrieval-anly. Alrernatively, the book could be
placed by the office door, but then vour day is spent
in the lab, returning to the office just before heading
home. The book would not support rehearsal during
the day, but would be visible when you leave. The
controller could encode the prospective command
with an atcached time delay {change the altitude on
American 123 in 2 mins}. Nothing would bappen on
the clectronic strip until the end of this time delay
when the prospective command would reappear. Al-
though the command could be rehearsed during the
retention interval, rehearsal would not be supporied
by the external cue.

Rehearsal-only. The book could be visible through-
out the day but not when you leave. This would
happen if you spent most of the day in the office but
depart for home from the lab. The controller would
encode the prospective command, which would re-
main visible on the electronic strip until sometime
prior t¢ when the command was to be executed. The
strip would support tehearsal, bur it would not sup-
port retrieval because it was not visible at that time.

Neither. Finally, the book could be placed by the
office door but then the day is speat in the fab and you
depart from there. The controller would encode the
prospective command, but it would never appear
again and the contoller would rely solely on internal
memory aids. The clectronic strip would suppornt
neither rehearsat nox retrieval in this case.

Hypotheses. Intons-Peterson and Fournier {1986)
found that external cues supported both rehearsai and
retrieval funcrions in retrospective memory. For ex-

saered gt e hish
“bLmlaeany WU BTEd L. gt
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Cuing Prospective Memory

ample, recall of a grocery list was berter if subjects
made notes {an external cue) to help thern remember,
even if the notes were not consulied at recrieval. Recall
was higher still when the notes were consulted. Is the
same true of prospective memory? If so, the Both
condition should set the upper bound on pesfor-
mance. The Neither condition should set the lower
bound on perfcrnance; subjects must rely solely on
internal aids.

If Retrieval-oniy performance is equivalent to Both,
and Rehearsal-only is equivalent to Neither, the exter-
nal cue must support primarily a retrieval function. If
Rehearsal-only performance is equivalent to Both,
and Rerrieval-only is equivalent to Neither, the exter-
nal cue must support primarily a rehearsal funcrion.
Alrernatively, Retrieval-only and Rehearsal-only could
fall in-between the upper and lower bounds, implying
that an external cue supports both functions.

In Experiment 1, Both, Retrieval-only, Rehearsal-
only, and Neither were manipulated within-subjects.
Because subjects did not know how long the com-
mand would remain visible during rhe retention in-
terval, orwhether it would reappear, the use of different
rehearsal strategies should be minimized. Controlling
rehearsal and straregy in this way helped isolate avail-
ability of content as a causal factor.

EXpERIMENT 1

Method

Subjects. Subjects were recruited from the Univer-
sity of Oklahoma campus community and paid $5 an
hour for their participation. Thirteen subjects partici-
pated for 12 days; eight participated for 6 days (after
having first completed 4 days in Experiment 2). Those
subjects for whom Experiment 1 was actually their

Figare 1,

The airspace, including four gates (A, 8, C, and DY, two airports (X and Y}, the column of

strips including call sign and prospective command, and the control area for changing

direction, speed, and altitude.
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second experiment performed berter overall than the
other subjects, but the partern of results was the same
for both groups.

The air tvaffic control simuiation. The experiment
was conducted on microcomputers that ran the FAA's
Air Traffic Scenario Test (Aerospace Sciences Inc.,
1991). This simulation was a2 modified version of a
test used by the FAA to screen applicants for air traffic
controller positions. The simulation captures many of
the major activities included in air traffic control and
provided a rich environment in which to explore
prospective memory. Figure 1 illustrates the screen
display of the simulation. which consists of 2 radar
display or airspace (far left), and an aircraft control
area (far right). The modification we added to the
original softwars was the calumn of electronic strips
between the airspace and the aircraft concrol area.

The airspace consisted of four exits out of the
airspace (labeled 4, B, C, and D) and two airports (X
and Y). Aircraft were represented in the airspace by a
call sign (an alphanumeric idenrtifier like AAL123),a
directional arrow, and a dara black. The data block,
which moved as the aircraft moved, displayed the
aircraft’s speed (Fast, Medium, or Slow), altitude (1-
low to 4-high), and destination {airport or exit).
Aircraft AAL123 is iliustrated in Figure 1, flying at
Fast speed, altitude 4, rowards its eriginal destination
at A.

The electronic strip for AALI23 is also illusrrated.
The second line of a strip is where the prospective
command was displaved; it shows a change to the
original destination (GO TO X). The original desti-
nation remained visible on the data block; ths elec-
tronic strip was the only place to ger information
regarding the changed destination.

Procedure. Subjects began by observing the Ex-
perimenter control a five-minure practice scenario.
The subjects then completed the pracrice scenario
themselves. Subjects complered two 22-minute sce-
narios per day. The assignment of scenario 1o subject
was counterbalanced, and no subject ever complered
the same scenaric rwice.

N
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The rules of the simulation were: 1) aircraft must
exit a gate high and fast, 2) aircraft must land at an
airport low and slow, and in the correct direction (the
arrow at the bottom right-hand carner of Figure 1
indicated the landing disection), 3) aircraft could nor
overfly airports, bur could overfly each other if they
were at different altitudes, 4} aircraft had to remain
separated from each other and the airspace bound-
aries, and 5) subjects should be as efficient as possible
(i.e., get an aircraft to its destination as quickly as
possible).

Interaction with the simulation was accomplished
with a mouse. When achange to an aircralt’s direction
of flight, speed, or altitude was desired. the mouse was
moved over the aircraft and clicked, thereby selecting
the aircraft. Then the mouse was moved to the aircraft
control area and a new direction of flight, speed, or
altitude was sefected.

Figure 2 is a timeline of actions that iMlustiares how
the prospective command was presented. Whenever a
new aircraft appeared on the screen, the accompany-
ing electronic strip appeared at the same time, high-
lighted in biue, with only the call sign visible. The
subject was instructed to click the strip 2s soon as
possible, whereupon the strip would rerurn to its
normal white on black and reveal a prospective com-
mand (if the aircraft were 2 critical plane). Note that
the 150 s that elapsed berween when an aircraft
appeared with the strip highlighted to the rime that
the plane was able to fly, was for the subset of aircrafi
related to the prospective manipulation. (Subjects
had been told during the instructions rhat the delay
was to allow threatening weather to clear.) Afrer 150
s, asmall circle (O appeared nexe 1o the dara block {as
did a non zero altitude). A click of the O initiated
aircraft movement. Nothing on the stip could serve
as a trigger, only the O next to the darz block.

For the Both, Retrieval-only, Rehearsal-only, 2nd
Neither conditions, clicking the strip revealed a pro-
spective command in the form of a changed destina-
tion. The prospective command was visible for the
next 10 s. In the Neither condition, the command
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Figure 2.

lHlustrates the temparal availability of the prospective command for the Both, Retrieval-
only, Rehearsal-only, and Neither conditions. The timeline at the top of the figure
indicates the sequence of actions to be taken. Beginning at time 0 on the far left: A plane
appears, together with the appearance of its electronic strip (highlighted in blue). After
some variable time, the subject clicks the strip to reveal the prospective command. 150 s
after the plane appears, O appears. A click of the O initiates movermnent of the plane. The
retention interval is measured from the time that the strip is clicked (revealing the
command) until the O is clicked; the command can now be executed.

The timeline ior the delayed-no change condition was similar except that when the
subject clicked the strip, no command appeared. The nondelayed-change condition was
just like the Both condition except that there was no delay between when the plane and
the O appeared. That is, the plane was rzady to go when it appeared. Finally, the
nondelayed-no change condition was similar to the nondelayed-change condition except
that there was no destination change.

The horizontal bars at the bottom two-thirds of the figure indicate the tempuoral
availability of the prospective command for the four conditions of interest (the filled
portion indicates when the command was present).

{(Variable iime)
i 150 seconds ! /
i/
Plane Appears
Strip, Highights O appears /
A i A ¥
v | \ i
Click Stip .
Command presented Qick plane
/ f* Retention Interval %
(Variable flﬂ‘lC) eienlion inte
Bath
i0s itts
Rt [ I

Rehearsal-only

{1 ¥

Neither !




then disappeared, never to return. In the Both condi-
tion, the command remained visible until the aircrafc
lefe the airspace. In the Rehearsal-only condition, the
command diszppeared 10 s before the O appeared. In
the Retrieval-only condition, the command reap-
peared 10 s before the O appeared. The content
component of prospective memary was measured by
the accuracy of sending these zircraft to their correct
cnanged destination.

As is evident from Figure 2, the subject’s retention
interval could be longer or shorter than 150 s depend-
ing on when the subject responded to: 1} the high-
lighted strip, and 2) the appearanc: of the O. For
example, if the subject was slow o respond to the
highlighted strip (e.g., it ook 30 s} and quick 1o
respond to the O (e.g., § s}, the retention interval {the
time from the initial encoding of the prospective
command to the t.me that the sircraft wasmoving and
the prospective command could be exccuted) was 125 5.
On the other hand, if the subject was quick to respond
to the highlighted strip (5 5} and slow to respond 1o
the O (30 s}, the retention interval was 175 5. The
retention interval was under subject control and was
2 function of a varicty of factors, most notably work-
ioad.

The trigger component of prospective memory was
measured by the latency to click the O, Air eaffic
control 1s an event-based 1ask (see Einstein &
MeDaniel, 1990). A trigger signals that an action can
be taken, bust does not require that the action be taken
right now. Therc was no specific time ar which the
prospective command was ro be executed (as long 25
{ was present on the relevant aircraft). Subjeces wese
simply instructed to be as efficient 25 possible, which
meant that they should try to get to it as soon as
possible. In cortrast, 2 time-based prospective task
requires ) that an action must be performed at a
specific tme fe.g., taking cupcakes our of the oven,
Ceci & Bronfenbrenner, 1985).

Cuing Prospective Memory

Design. In each scenario, there were 25 aircraft.
The scenario began with thres aircraft that were al-
ready flying, new aircraft appearcd every 45 s thereaf-
ter. Only four of the 25 aircraft were the critical pianes
{those that were delayed and had their destination
changed), one each for Both Retrieval-only, Rehearsal-
only, and Neither. The ordering of these conditions
was rotated through the 6th, 11ch, 16th, and 21st
aircraft that appeared in a scenario. The critical air-
craft were spaced 3.75 minures apart, so subjects had
one on its way before the next appeared. Nevertheless,
the load on prospective memory increased over the
course of the scenario because it took an average of
13.3 minutes to get an aircraft to its deszinarion.

In addition 1o these four critical aircraft, there were
two aircraft that were deleyed and their destination
was not changed, and wwo that had their destination
changed and were not delayed. They were randomly
assigned ro the 5>, th, 15th, and 20ch positions in
the scenario. The remaining 17 aircraft were nor
delayed and no: changed. The non-crivical aircraft
served to disguise the true purposc of the experiment.
For all aircraft, the O signaled that the aircraft conld
now {y. For the nondelayed aircraft, the O appeared
when the strip highlighzed; for :hc dclavcd aircrafy,
the O appeared 150 s after the stzip highlighred. Alse,
notallthe delayed planes required 2 é tmanonchange,
enly the four eritical atreraft.

Scenario construction. The base scenario was con-
structed as follows: A set of X, Y coordinares was
selecied for sach aircraft thar specified its starting
position. Next, we selected 2 direction of flight {8
possible}, initial speed (always medium}, original des-
unation {16 went w exits, 4 o sach, 2nd 9 went to
alrports, 5 10 one and 4 to the other), call sign {four
cach of $'WA, UAL, DAL, TWA, NWA, and five
AAL) with a three-digit number selected from 2 random
rumber table, and an iniizl adrude (either 2 or 3.
Twenty-four scenarios were constructed altogether 3

*The remazining 23 scenatios wete construcied from the base scenario in the fullowing way: First, ¢he X, Y esordinate weore romsed down 25

stanting position for airctafk 1 became the starting pesition for 2

zireraft 2, 2nd so onl. iht destimation fcdd was rotaed up, 2 new random 3.

cigiy number completed the call sign, and initid ight level was changed fom 2103 o1 u.,c versa. Half of the scenarios .2.-1 the atrcraft land

from, righs 1o le&, and half from lef 10 right. Although it is difficult 1o intai the resat of these changes, the purpose of ¢

simple-—1p creare 24 anique scenarios.

]

this procedure was

BT Ry N w e e,
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Figure 3. Proportion sent to the correct destination. Experiment 1 data are given in the [eft-hand
panel, Experiment 2 data in the right-hand panel. The Retriev: l-only condition is
abbreviated Retr and the Rehearsal-anly condition is abbreviated Reh.

Experiment 1 Experiment 2
1.0 10 -

=
[

[ S |

Proporiion correct

Retr

Retr

Resules and Discussion

On the first day. subjects were interrupted fre-
quently by the experimenterand ren:  Jded abouc how
1o proceed. Therefore, we counied the first day as
practiceand  luded it from che analysis. We exam-
ined dafa «
00 ro 240 s. which accounied for berrer than 93% of

. tor those rerention intervals berween

the data® One subject was excluded because more
than 30% of aircraft failed 1o get to 2 destinarion.
The jefr-hand panel of Figure 3 gives the propontion
of aircrafs sent 1o the Correct destination for the Both,
ezrieval-only, Rehearsal-only. and Neither condidons.
Performance in ali conditiens was significantdy zbove
chance {or 176, smallest £ {193 > 5.5G). A one-wav
repeated-measures ANOVA derected a significant dif
ference among conditions, Fi3. 72 = 7.00. AfS = .07,

L]

. s — w . . ;
¥ In the Remeval-oniy conditon, we 2w exsiuded cogurrenses wh
: rumiLm reteation inntnall Suning

ensused atlieast 89 ¢ G o chemi
candisions because the command &d not diapper 3nd

r¢ the lateny o Jick the Tighlighted senip was grewter than 90 s,

FRIOT SCaDDrRT

<03, Pairwise +tests were conducred controliing @ ac
05/number of comparisons. They showed thar the ex-
ernzl cue supported primarily a rerrisval function: the
Buyth: and Retrieval-anly conditions did no: differ, and
borh were betzer then the Neither condition. The Both
condizion was also bemer than Rehearsal-onh- condition;
the Retrieval-only condition was marginally betzer than
the Rehearsal-onlvcondition {2 {12)=2.62, 2»<. 02 The
Rehearszt-only and Neither conditions did not differ.

The proporsion that crashed and falled to reach any
destination. of were siill ving at the conclusion of the
scenario both resulted in missing dara. We combined
these categories (called Stil!Crash). The StillCrash cat-
gory occurred ravely (M < 4.695) and 3id not vary with
condition, F{6. 135 < 1.0, :‘sfSr—- 004,

- R

T
20 Comunand was vibde 11 WEs A0t necessary 10 €0 this in the ather




Mast of the errors involved sending aircraft to the
eriginal destinations on the daca block. That is, if
subjects made an error, it was more likely o involve
forgetting that a prospective command was issued for
an aircraft {and sending it to the dara block destina-
tion) than remembering that 2 command had been
issued but nat remembering its contenc {and guessing
randomly among the five non-data-bilock destina-
tions). However, this may have more 10 do with the
fact thatr the dara blcck destination was the correct
destination 76% of the time.

The rop pansl of Figure 4 shows the proporrion
sent to the correct destination over days. The data
were collapsed over adjacent days to smeoth the

Cuing Prospective Memory

function, Because Day 1 was excluded, Day 12 was
combined with Days 10 and 11. Performance im-
proved in il conditions through Days 6-7. Beyond
that point performance was fairly stable. The learning
data show thart the relative contributions of rehearsal
versus retrieval were unchanged by repetition over
days and increasing familiaricy with the rask.

The second dzpendent measure involved the trig-
ger: the dme to click the O 1o get an zircraft flying.
Although no one ever forgot to do this, on occasion it
took over 100 s {means ranged from 17 1o 28 s across
conditions}. To ninimize the impact of the extreme
outliers, we conducted an ANOVA on the geometric
mezn for each subject. We included both critical {the

Figure 4. Proporiion sent to the correct destination by days. The B represents the Both condition, R
the Retrieval-only condition, r the Rehearsal-only condition, and N the Neither condstion.
Experiment 1 data are given in the top panel, Experiment 2 daia in the botiom panel.

Experiment 1
1.0 —
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g 08 - \a/*

&
£ |
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= 02 = ? " 3
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Cuing Prespective Memory

four delayed-change conditions—Both, Rerrizval-

oniy, Rehearsal-only, 2nd Neither) and non-critical
aircrafr {delaved-no change, nondelayed-change. an

nandelayed-no change). There was no significant dif-
fez: ce among conditions, F{6, 135) = 1.96, > .05,

25, = 317.7. The time 0 rcspom:i to the trigger was

aot affecred 1 by munipulstions of f the ava itahiliry of

content. An indirect measure of workload was also
cormpured by dersrmining how quickiy asubjecr clicked
z highlighted surip. Again, geomerric means were
used. and again, no significant difference was found
among conditions, £{6,135}<1.p>.1, ﬁ‘ﬁ'{: 283.6.

[a sum. Experiment 1 showed rhat an external cue
supported a retrieval funcrion. Making rthe prospec-
tive command vistbie during the retennon iaterva
was ne better than neves making it visibie after an
initizl encoding period of 30 s. Wiil the same be zrue
when rehearsal and recrieval strategies are unencum-
bered’?

In Experiment 2. subjects were aliowed 1e concen-
trate on a single miethod for presenting prospective
coinmands. Thar way, differenial rehearsal and re-
urieval stravegies could be used in conjunciion with
the method of cue presentation to oprimize perfor-
compensate iz the Re-

hearsal-only and Neither condirions by using 2 more

mance. Peshaps subjecs

eleborazive rehearsal sraregy. The cognitive cost of

this mzy have been oo great in Experiment 1, or the
beactis too small: more claborate strategies migh: be

worth the ¢ffort in Experimene 2.
EXPERTMENT 2
The only change from Expsriment 1 was thas the

Both,

conditions were manipulazed berween-subjects. This

Rerrieval-only. Rehezarsal-only, and Neidher

allowed sebjecrs 1o oprimize rchearsal 2nd reurieval
SUrategics.

Method
Subjects. Subjects were
sity of Oklzhomz campus community and were paid

raeruited from the Univer-

“-S an hour, or rewcived expenimental credit toward
hl'!c 2 Course rCGlE!'CmeT‘T, u"‘ fonangf f@f ::’ifgf

part :pation. Forry-four subjecis participated for €

davs: 13 parricipated for only 4 davs {due 1o a sched-
uling mix-up). Three subjects were excluded because
over 30%:

Procedure. Both. Rewieval-oniv, Rehearsal-only,
and Nrither were manipulated berween subjects; sub-

Y. . .
of zircrafr never reached a desrination.

jects were raademiy assigned to one of the four con-

duions (N, . = 12. ¥, =
ORS L¥ps 'i\ 14, A "R*:r.n..-a‘.!. **Reazand oaly
14, N, = 14} We szlecred 12 of the Experiment

51'3-:'
1 scenariss 10 be tsed.

Results and Discussion
¥ = couated the first day a5 practice and eacluded
1t from the 2nalysis. We exam: -ed data only for these
retention intervals between o0 to 240 s {heticr than
9495 of the totali®
1 he right-hand parci of Figure 3 gives the proror-
tion ofaircraft senrto th C arrect destination. Pecfor-
mance in every corzdmon wis zbove chance {176,
smallest # {13} > 3.0). A one-way ANOVA on the
Both. Rewrieval-only, Rehearsal-only, and Neither
cond:itions showed a significant effect of condition
{F3, 5301 = 6.56, _-’va = .538. 2<. 05). (The delayed-
no change, nonqciavcd-&an‘,‘., and norndelaved-no
change concitions were exciuded becsuse they were
manipulzsted within-subjects.) The Ryan multiple-
fange tost controlling @ at .05 number of compari-
sans showed thar the Bom condirion was berter than
Rehearsal-only and Neither, and Retzieval-only was
better than Reheamsal-only. The Both and Retrieval-
only canditions did ner éxffcr, rior did the Rehearsal-
only and Neither conditions. The 3tiliCrash category
accarred rarehy {2f < 7%} and did not vary across
conditiops {F < i}
The bouom panel of Figure 4 shows the Correct
caregory over days. Dav 1 was excluded. Performance
improved through day 5: ’seyond thar it appears thar
Both znd Rezrievai-only performance was
although stabilization of the Both

e e -
ceiling eifect. Notwe

s stabilizing,
dara may be z

hat the means for Days Sand 6

rzpresent a subset of subjects comprising the means
for the previous davs.

\.uﬁfm.:'h.c moe 1ot

Neither
conditien seemed ro be improving with practice,
while pe

erformance in the Rt

V‘

carsai-only condition
ning {although «

fu

wermed 1o De warses

'!
v

e latres was based

ononiv five subiectst. Perhaps sublects sensed thar the




Neither condition was difficult and tried harder o
suceeed. Thne Rehearsal-only subjecn, on the other

1

hand, might have become incressingly frustrated at
their inability to perform better at a task ther mav
have peroeived as relatively easy.
ANOYVA on the peemswric mean im ciick D
. - P N e P
was net sigrfican: {13, 551 < 1} (We i uded the
ela layed-change, aad
A 1 . PRy b 4
nondelzved- no change conditions because the, were
manipuisied wirhin subjecte. ) The time ro respond to
1 . "
the trigger was not aftecied by manipulations of the

availabiiity of content. The ANOVAon the geomerrc
: L

. e e o ) v
sienificant (403, 5% = 1.52). Firheer timme 1o Ciica the

PRI FU H - eny- NP,
highlighted sinp was ot a seusiiive measuic v Worx-
. :
ioad, o1 subjeciz had no wo-e trouble with the d -

The findings of Experimient 2 paralle! those of

Experiment b the exrernal cue supports primarily a
rzezicsal function. Apparently, stlowing the epparte-
nity o tailer rehearsal and retrieval s:mzcgits 1o the
wa:: the extesnzl cie was presented made litrle differ-
ence. The rerrieval funcuion of the eaternal cus was

primary znd was rot affecred by differential rehearsal

and rewmieval strategies
GENERAL Discussion

Two experiments Cemonsirated that external cues
support 2 zcm’cr.z.? funcrion. in a simulared gir resffic
cenrral rask. it is importan: that an external cue thar
;:-m'.’idrs content he visibie ar the tims that the pro-

spective command can be execured. H:_.avins: :hc exies-

,4

!'I.EI sus FTY bgﬁ. \.-""'i"!" T roid )(hlﬂ H‘it Vd \'-‘2% no

" 1 - ]
mare c.i‘ecn": than not baving the Lae ‘.‘:55.31&‘ arall

The benefit 1o the Borhznd Rerneval.onlhy conditions
wis -:333?_~§ from e oumser of rraining, and remained

. P
over the counw ¢f ainiag. W alsa ii’}ilﬁi.. that these

: .y . ) -
manipulations of cenrent did not affact the latendy of

an actiun oeing tgeered, although shis mav have
.. ..
something to do with this being 2n svent-basrd 1ok

wran r - : H y PR b <
Wien subjects contd rattor their encoding and
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2
fact that the Rehearsal-only condition was worse than
the Neither condition {(and gerting worse with train-

ing} suggests that rehearsal was of little help: the Borh

and Rerievai-only conditions may have conitnued w
pesform vquivalenidy, even after the porennai ceiling
effect was eumznauﬁ

The sxternal cue pressnred in the current exper:-

ments was very explicies In fact. it relrersied the

N . E - < L %
original prospective command (GO TO N Asseck.

te exrernal cue was not siricrly spesking emary
cue in the Both and Retrigval-nnle mrc‘.nam. Ifthe
subjects remembered to look ar the proper strip -
suming that they could net remember the informa-
ion nnossisted, the command was there, Wr coudd

have presented the command inat :a-i';, zud then ma

nl?ui.—-.zec'- the rempara avaiiabiliny of 2 less explicis
ug leg.. the word CHANGE rath th:;:; GCOTOX

[
Subiects would not perform as ac-;w**zci:; i ghis
modified experiment. However, we woulc expec: the

same patiers of resilis Both = Rewieval-only » Re-
I I‘* = \.( 3 ;‘ 'i .I' ~ i -~ =33 - it
ngarsal-on In5LeT W ROITG INC uaiad ws Ior-

. .- ..
wowy: Correesi ?!:m': zmslieny o iTs oflgina:
b )

&
L] TN
destination. Wrergif plzne sent o original data biock

destinat.on. Tharis. "'—Gr’ef. means thar subiects knew

maxe 2 change (the dawe block dssiination was

8

wfoﬁa,. Having no idea whar rthe correcs destinanion

was, however, they could onlv guess among the fve

."Cf'.":a:hg_’fg d:’sf:ﬂa:!c’ﬂs.

How genecrai is the conciusion thar exzerna
support primarihe 3 rerrieval funerion® What ¢ircum-
stancey might produce 2 different result? We consider
several m:r:aa:mg factors which, in 2 different situa-
ilon, could resuit in differenr eonclusions heing drawn.

S - .
The rci""u"}sm? between the Both and Rerical-

ondy condimons mav




Neither condition was difficult and eried harder 1o
succeed. The Rehearsal-only subjects, on the other
hand, might have become inereasingly frusuated a
their inability to perform beuter at 3 task ther may
have perceived as relatively easv.

An ANOVYA on the geomerric mean time to click O
was nort significant {(F13, 55} < 1), {We excluded the
dei

nordelaved-no change conditions because the; were

a

aved-no change. nondelayed-change, aad
manipilated wirhin-subjecrs.) The time 1o respond 1o
the mrigger was not afiecied by manipularions of the
availability of conzent. The ANOV A on the geomerric
mean vime to click the highlighred strip was nex
significans {F3. 551 = 1.32). Fither time 10 click the
highlighzed strip was Measuie uf Work-
Joad, o1 subjecis had no more tronble with the diffi-

10T a SeHstLive

cult condizions {e.g., Neither) than with the easier
conditions (2.g., Bothl.

The findings of Experiment 2 parallel those of
Experiment 1 the exrernal cue supports primarily a
rewrieval function. Apparenily, allowing the opporta-
nity 1o tailer rebearsal and retrieval strategices w the

2

a—

way the external cuc was presented made listie differ-
ence. The rewrieval function of the external cue was
primary 2nd was nor affected by differential scheagsal
and retrieval suratepies.

GENERAL DHSCUSSION

Two experiments cemonstrated that external cues
support a retrieval function, In a simulared air eraffic
control rask, it is important thac an cxternal cuc that
provides content be visible at the time that the pro-
spective command can be execured. Having the exzer-
nal zue visible during the rctentinn ineerval was no
more effective than not having the cue visible ar all.
The benefit 1o the Both znd Retrieval-only conditions
was visible from the ourser of train ing, and remazined
over the counse of training. We also found that cthese
manipulations of conrent did not affect the lawency of
ar a.lisn being trigs:cned although rhis may have
something ro do with this being an eveni-based task,

When subjects conld railor their enceding and
retrieval strategies to the cues {Experiment 2), there
s a potential ceiling effect for the Both condition

over the last three davs of training. If this was a real

Cuing Prospective Memaory

]'\gr\t S"ﬂr-

FRLY: LI 33§l

ny
il

vold p
hearsal and :ctncval in thar condition. Howu'er, lhe
fact thar the Rehearsal-only condition was woise than
the Neisher condition {and getting worse with train-
ing) suggests that rehearsal was aflittle help; the Both
and Rersieval-only conditions may have continued to

erform equivalently, even after the porential ceiling
effect was eliminared.

The external cue presented in the current experi-
ments was very explicit. In fact, ir reiterated the
original prospective command {GO TO Xi. As such.
the external cye was not suicely speaking 2 memory
cue in the Both and Rerrieval-ank: condinions. If the
subjects remembered 1o look zt the proper suip {as-
suming that they <o

:1d not remember the informa-

tion unassisted}, the command was there. We could
have presented the command iriually, and then ma-
nipulated the remporal availability of a less explicic
cue ic.g., the word CHANGE rather than GO TO X}
Subjects would not perform as accusately in this
modified experimen:. However, we wouid expect the
same pattern of results {Both = Reurieval-oniv > Re-
hearsal-only = Neither} if we scored the data as fol-
lows: Correesif plane nozsentro its original dara block
dastination, Wrengif plane sent to original data block
destination. That is, Coerrecs means that subjects knew
to make 2 change (the datz block desuination was
wrong). Having no idea whar the correct destinarion
wus, however, they could only guess among the five
remaining destinations.

How general is the conclusion that external cues
support primarily a reerieval fancrion? What circum-
stances might produce 2 different result? We consider
several mitigating faczors which, in 3 different sirua-
tion, could reauit in differentconclusions heing drawn.

The relationship between the Botk and Retsicval-
onlyv conditions may depend on the distinctiveness of
the cue {McDaniel & Finstein. 1993, <howed that
distinctive cues were better thaa nondistinative cuesh.
For example, the success of the Both condition may
depend on whedher subjects habituare to a continu-
ousty available cue. Stepping over a to-be-returmned
Library book throughaus the course of the day mav
increasc the likelihood thar you will simiply step ovex

izyeragain on your wzy home. Conversely, the suceess

ADA291932
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of the Rerrieval-only conditicn may depend on the
at Pntion-grabbing ability of the external cues when i
eappears. In the present experiments, we decided o
ner make the return of the external cue conspicuous.
Clezrly. 2 Retrievil-only cue could be designed such
thut 2he cue would never be missed {reappear iz bright
orange 27 Twice ‘ts normal size). Such acuecould serve
of the

whl have more o say about this when we

as 2 tngger. a5 well as support the contens
acuon. We
cdiscuss the implicarions of this rescaren tor nterface
C “-:g 1,

The suzcess of e Rehearaal-enly condition dhedy

zsed during the

Maintenance reheursal doos

iepends on the tvpe of rehearsal

recention interva.. not
vrpicelly @il reirospecid
Warkins, hurt o

least in v p-..ail does in retrospective memosy Tasks

e pr’::formanc: ({Craik &
1973, —zborative rehes might, at
{z.g., Tralx & Tuolving, 1975} Subjects had the op-
- w6 railor their rehearsal to be maximallv

- did not

Neither condirion. The abilicy

PDI"JZ"
effective in Expenment 2. and perfortaance
improve relative to th
to mzke use of esabarame rehearsal may be workload
depﬂnc‘ens' performmance o:. the air traftic control
stm-lacion mar bave begun to suffer if subjects tried
mors clabarztive rehearsal strategies. Indeed, the rask
altheugh it became easizr over

by a

decrezse in workload, we migh: have expecied o see

was rzedy difficul:.

d“\" I; 'hlb :r’lprovamﬁﬂt was acca'nppn:c

he Rehearszl-oniy condirion improve with training.
1n fact. the opposits occurred.

13
13

The resules of Vortac et al. {19933 implied th
actomarion may benefit prospeciive nicmory. Thc
present results are 2 first lookx ar how extesnal cues
might be presented to take advantage of the auroma-
t:on. However. which is to be preferred: baving the
exzernal cue present throughout the retention inrer-
val, or onty when itis needed? Whar addirional factors
might lead 2n imerface designer o choose ene method
of presenting cues over the ather!

The fina! design of & buman-compurer interface
in, 198%), ror ex-
ample. if density of information is s problem, 1t mav

be p

Retrieval-only condition: the cue will chutter the sorsen

involves many tradeoffs {see Rub
referable

to implement the external cue like the

forless time. In addition, a late-returaing external cue

[

kg

in the Retrieval-only condition could be made to be
novel and therefore grab artenrion. An exical cue
that grabs attention {or sounds a warning} might seem
like 2 good fearure, bur nat if the tser's attenzion is
tzken swayv from a more iImporiant wask, or :aken away
at an ‘nopportune time. On the other hand. if work-
load is alimiting factor, che extra time spenr artaching
az time tag to the Retrieval-onty condition might be
toa castly and it muight be better 1o simply make the
cue available ior the whole time. However, the user
then runs the risk of habituaring to the consrantly
present cue.

The present research succeeded in disentangling
wwo confounded funcrions of exrernal cues, reheursal

and rerrieval. We used a rask of obvious relevance o
air uaffic conrrollers, although we suspect that the
canclusions hold for anvone who works in a2 highlv
complex dvnamic environment thar puis a strain on
working memary. Our cverydey cognitive funcrion-

ing 1s just such zn enviroRment.
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